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LIGHT BEAM MAGNIFICATION 
ERROR AUTO CORRECTING APPARATUS AND METHOD 



CROSS REFERENCE TO RELATED APPLICATIONS 
:a **H 0001 1 — The present application claims priority under 35 USC S 119 p.rioritv. under 35 
1 0 U.S-C. 3 1 19, to Japanese Patent Application No. 1 1 -374378, filed on December 28, 1 999, 
the entire contents of which are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 
Field of the Inventionr - - - - 1 - - - 

1 5 5%ejooo2J The present invention generally relates to an image forming apparatus, 

such as a copier, a facsimile, a printer, and a monochrome and color duplicating machine, 
which includes an optical beam scanning device that generates a plurality of optical beams, 
and in particular, relates to an optical beam scanning device capable of correcting 
magnification of an image in a main scanning direction of the optical beam. 

20 

Discussion of the Backgrounds 

1Q0Q3] — Image forming apparatuses employing a laser beam scanning device are described, 
for example, in Japanese Patent Application Laid Open Nos. 9-58053 and 8-136838. The 
Japanese Patent Application Laid Open No. 9-58053 has an object of obtaining has. as one of 

2 5 its objects, obtain an image forming apparatus capable of producing a high quality image by 

maintaining^ equal magnification performance, while suppressing color deviation. A 
plurality of beams is generated using a plurality of laser drive circuits and laser diodes. 
10004] — Each of the plurality of beams is detected by two-laser beam detecting sensors 
arranged at two separate positions on one main scanning line of the laser beam. The detected 

3 0 signals are output to a write clock generating circuit. 

10005J — The write clock generating circuit counts the number of clocks responsive to the 
detected signal. 

1Q006J — The number of the clocks is compared with a reference count number, and a write 
clock frequency is corrected and output so that the number theof clocks substantially 
3 5 coincides with the reference count number. The write clock frequency generally controls 

lighting control of a laser diode, and increases image density when the number of frequency 
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t sclocks are increased. 

100071 Thus, when using such a device, a change in a scanning speed, which occasionally is 
caused by a change in temperature, can be corrected. 

100081 Further. Japanese Patent Application Laid Open No. 8-136838 propoooo an object 
eforopos es. as one of its objects to automatically correcting magnification when a laser beam 
optical unit changes its refractive index and accordinglv index. Accordingly magnification is 
responsive to a change in circumstances or the like. similar. 

100091 To this end, a pair of light detectors is provided to detect a^start and an end of 

scanning o£a photoconductive member (hereinafter referred to as a PC member) of the laser 
beam. 

100101 A polygon mirror is rotated by a polygon motor that is driven under control of a 
polygon motor driving circuit. 

|Q01 1] A rotation speed of the polygon mirror is controlled by a magnification correcting 

circuit via the polygon motor driving circuit. 

[00121 The control of the rotational speed of the polygon mirror is executed based on 
eache*' detection signals a detected by the pair of light detectors^ so that a deflection speed of 
the light beam between pr e scribed two two prescribed, separate positions is constant. 

fOOl 3| The magnification correcting circuit also controls a phase of the laser beam by a 

laser driving circuit via a phase synchronization circuit. 

100141 A body side driving circuit controls a rotational speed of the PC member. 

[0015] Further, a light beam (hereinafter referred to as a laser beam) is generally modulated 

by image data and is deflected at the same angular speed by a deflection device (hereinafter 
referred to as a polygon mirror) that rotates in a prescribed direction. The light beam* of the 
same angular speed deflection^ is corrected by an f9 lens into the same speed deflection, and 
executes scanning of a PC member. 

[001 6) However, it has been known in an image forming apparatus employing a plastic lens 

as a laser beam optical unit that the plastic lens changes its shape and refractive index 
responsive to bothef changes in circumstances and changes in ambient temperatures. 
[001 7 1 In addition, these changes introduce a change in a scanning position on an imaging 
surface of the PC member. Such a change also introduces an error of magnification in a main 
scanning di.rocti.on and direction, thereby resulting in a low quality image. Similarly, color 
deviation occurs and a color image is r e markab 1 o rem ark a b 1 v deteriorated due to 
magnification error in each color image formation. 

10018] To this end, Japanese Patent Application Laid Open Nos. 9-58053 and 8-136838 



respectively proposes capable o f propose correcting magnification error and suppressing the 
color deviation occurring due to a change in the circumstances temperature or ambient 
temperature, respectively. In Japanese Patent Application Laid Open No. 9- 58053. each 
58053, each of plurality of laser beams is laser beam of plurality of a laser beam, is detected at 
least at two separate positions on one main scanning line. The number of clocks generated^ 
from when one of the laser beams detecting devices detects each of the plurality o f laser 
beams to when the other detects thereof is each of the plurality of laser beams is counted. A 
write modulation frequency of each of the laser beams and the_timing of th^writing on a 
write position of each of the laser beams^ which is determined from a synchronization sensor 
are corrected responsive to the number of the count. clocks counted. 
100V9J — Thus, a high quality image can always be obtained by maintaining an equal 
magnification p e rformance while preventing from performance. while being prevented from 
the influence of a change in a scanning speedy which is created due to a change in the 
temperature. 

f0020J Further, the Japanese Patent Application Laid Open No. 8-136838 proposes that a 

laser beam is detected at prescribed two two prescribed, separate positions on a main scanning 
line, and a polygon mirror (i.e., a polygon motor) is controlled so that a deflection speedy 
detected at the prescribed two two prescribed, separate positions of the laser beanu can be 
constant. 

iQOHJ — Thus, according to the Japanese Patent Application Laid Open No. 8-136838, 
magnification error in a main scanning direction can automatically be corrected (adjusted) in 
accordance with a change of a scanner optical unit, which is produced by a change in 
environment or the likc. sim.ilar. 

10022] — Thus, both of the above-described conventional methods detect a laser beam at two 
separate positions and calculate a time difference therebetween by counting a prescribed 
number of clocks so as to correct (adjust) the magnification. Thus, a pair of laser beam 
detection sensors and a time difference calculating section are required to be provided in the 
two conventional devices. In addition, it has been confirmed that image magnification error 
occurs in the main scanning direction due to a change in a temperature of a laser beam 
scanning apparatus, in particular, an fB lens. 

10023] — To improve accuracy of magnification correction in the main scanning direction and 
avoid color deviation, detection accuracy of both of the number of clocks to be counted and 
detection of a time difference rcquircs is required to be improved. To this end, the above- 
described conventional methods necessarily generate the clocks to be counted at high speed 



go far ao possible to bo countcd. fi.e.. as high sp eed as possible, while still allowing the clocks: 
to be counted). In such situation, even if the time difference is measured ttsw reduring the 
high speed iteration of clocks, a write clock is to be changed by onlv a small step in order 
to correct a prescribed amount corresponding to one cycle (i.e., one count) of the high speed 
5 eteekr^eneration of clocks The higher speed the clocks are counted at. generated at and 

counted, the more difficult the correction of the write clock is. In such a situation, a number 
of rotations of the polygon mirror can be changed by a small step. 

1 0024 1 — However, even so, magnification in a sub scanning direction is changed, and color 

deviation occurs in a multi color image that is formed using a plurality of laser beams and 
1 0 plastic lenses. This forces a PC member to change in-aits moving speed (i.e., a rotation 

speed) and affects an entire image formation system. In addition, in a multi color image 

formation, a write timing for each color requ i ros is required to be changed. 

1 0025 1 Further, since anjncrease in a clock speed generally produces problems 

ofnefte stability and noise or the like, i t similar. an increase in clock sneed is hardly ever 
15 employed. In addition, if a write clock of an image signal is utilized as a clock to be counted, 

it can not bo ciLpcctcdone cannot expect to obtain ajiigher precision than the minimum ef 

countable. 

number ol'countable clocks 

2 0 SUMMARY OF THE INVENTION 

10026J — Accordingly, an object of the present invention is to address and resolve the above- 
noted and other problems and to_provide a new image forming apparatus. 
10027] — The above and other object are achieved according to the present invention by 
providing a novel image forming apparatuo including appaiatus. including: a pair of light 

2 5 beam detecting device that dctccts d evices that detect the light beam deflected by a deflecting 

device at two separate positions on a main scanning line, wherein the pair of light beam 
detecting device Qenoratoo both o f devices generate both a reference time difference at a 
prescribed temperature and a time difference to be compared with the reference time 
difference in a prescribed timin g time during image formation. formation: a time difference 

3 0 measuring device that measures a time difference between time periods when the light beam 

is detected by one of the light beam detecting devices and when tha tthe light beam is detected 
by the other of thejight beam detecting doviooG. devices: and an image magnification 
correcting device that changes a write clock frequency of the light beam and the rotation 
number of the light deflecting device in accordance with the time difference so as to correct 
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magnification error in the main scanning direction of the image on the image carrier. 
[00281 In another embodiment, the image magnification correcting device may change the 
rotation number of the light beam deflecting device if magnification error is not completely 
corrected by changing the write clock frequency. 

100291 In yet another embodiment, an image write start position adjusting device may be 
provided to adjust an image write start position in the main scanning direction on the image 
carrier in accordance with the time difference detected by the time difference measuring 
device. 

1 00301 In yet another embodiment, an optical unit including an f6 lens, and a temperature 

detecting device for detecting temperature of the optical unit may be included, wherein an 
image magnification correcting device may change the write clock frequency and the rotation 
number in accordance with the temperature. 

100311 In yet another embodiment, temperature of the f9 lens may be directly detected. 

In yet another embodiment, the time difference measuring devico may measure the 
time difference after lowering a light beam deflection speed go as to precisely obtain a 
reference time difference by counting prescribed pulses. 

fel00321 In vet another embodiment, the time difference measuring device may measure 
the time difference after lowering a light beam deflection speed so as to precisely obtain a 
reference time difference bv counting prescribed pulses. 

[0033] In yet another embodiment, the time difference measuring device may measure the 

time difference after lowering a light beam deflection speed so as to precisely obtain a 
reference time difference by counting prescribed pulses. 

[00341 In yet another embodiment, the light beam deflecting device may include a polygon 

mirror. 

10035] In yet another embodiment, the light beam deflection speed may be only lowered 
when the time difference is detected, and returned to a level used for image formation. 
100361 In yet another embodiment, the light beam deflection speed may be low when 
starting light beam deflection so as to precisely obtain a reference time difference. 

[0037] In yet another embodiment, the time difference may be measured without lowering 

the light beam deflection speed when continuous printing is executed and time difference is 
detected so as to only detect needs of image magnification correction, and the magnification 
correction may then be executed based on a time difference detected after lowering the light 
beam deflection speed in a prescribed timin g time corresponding to an interval of sheets. 



BRIEF DESCRIPTION OF DRAWINGS 

I0038J A more complete appreciation of the present invention 

invention and many of the attendant advantages thereof will be readily obtained as the same 

becomes better understood by reference to the following detailed description when 

considered in connection with the accompanying drawings, wherein: 

]0Q39J — Fig. 1 is a schematic diagram illustrating an image forming section of an image 

forming apparatus of the first embodiment according to the present invention; 

J0Q40J — Fig. 2 is a schematic diagram illustrating a construction of an image writing section 

of the image forming apparatus illustrated in Fig. 1 ; 

f0041 J — Fig. 3 is a block diagram illustrating a construction of a magnification correcting 
section of the image forming apparatus illustrated in Fig. 2; 

1 0042 1 — Fi S- 4 is a block diagram illustrating a construction of a time difference counting 
section included in the magnification correcting section illustrated in Fig. 3; 
J0043J — Fig. 5 is a block diagram illustrating a construction of a polygon use clock 
generating section included in the magnification correcting section illustrated in Fig. 3; 
1 0044 1 — Fi S- 6 is a timing diagram illustrating signal generation timings in the time 
difference counting section illustrated in Fig. 4; 

I0045J — Fig. 7 is a flow diagram illustrating an operational procedure executed in the 
magnification correcting section illustrated in Fig. 2; 

IQ046J — Fig. 8 is a flow diagram illustrating an operational procedure executed in a 
magnification correcting section of the second embodiment according to the present 
invention; 

1004H — Fig. 9 is a flow diagram illustrating an operational procedure executed in a 
magnification correcting section of the third embodiment according to the present invention; 
[0048 ] — Fig. 10 is a schematic perspective view illustrating a construction of an image 
forming apparatus employing a four drum system of the fourth embodiment according to the 
present invention; 

12M2J — Fig. 1 1 is a cross^ectional view of an image forming apparatus employing a four- 
drum system of the fifth embodiment according to the present invention; 
10050J — Fig. 12 is a cros^sectional view of a laser beam scanning device included in the 
Im^image forming apparatus illustrated in Fig. 11; 

1005U — Fig. 13 is a diagram graph illustrating a relationship between a positional deviation 
amount of a laser beam and temperature in the first embodiment; 



100521 Fig. 14 is a diagram graph also illustrating a relation ship between a time difference 
between sensors and temperature in the first embodiment; 

100531 Fig. 15 is a diagram illustrating a moving amount of an image in a main scanning 
direction when magnification error is corrected in the fifth embodiment; 
5 100541 Fig. 16 is a cross- sectional view of an image writing section and a block diagram 
illustrating magnification control executed in the fifth embodiment; 

100551 Fig. 17 is a block diagram illustrating a construction of the magnification correcting 
section on the fifth embodiment; 

100561 Fig. 18 is a timing diagram illustrating a timing of executing write start position 
1 0 correction in a main scanning direction of the fifth embodiment; 

100571 Fig. 19 is a flow diagram illustrating an operational procedure of main scanning 
direction positional correction and magnification correction executed in the fifth 
embodiment; 

100581 Fig. 20 is a cross- sectional view of an image writing section included in the image 
1 5 forming apparatus of the sixth embodiment, which is accompanied by a block diagram 
illustrating magnification control; 

[00591 Fig. 21 is a flow diagram illustrating an operational procedure of the magnification 
correction executed in the sixth embodiment; 

[00601 Fig. 22 is a block diagram illustrating a construction of the magnification correcting 
2 0 section of the sixth embodiment; 

100611 Fig. 23 is a block diagram illustrating a construction of a rotation number control 
clock generating section of the sixth embodiment; 

[00621 Fig. 24 is a cross- sectional view of an image writing section included in the image 
forming apparatus of the seventh embodiment which is accompanied by a block diagram 

2 5 illustrating magnification control executed therein; 

[00631 Fig. 25 is a flow diagram illustrating an operational procedure of magnification 
correction executed in the seventh embodiment; 

[0064] .Fig. 26 is a diagram graeh illustrating a relationship between a positional deviation 
amount of the laser beam and temperature in the sixth embodiment; 

3 0 [00651 Fig- 27 is a cross- sectional view of a pair of image writing sections of an image 

forming apparatus of the ninth embodiment, which is accompanied by a pair of block 
diagrams illustrating magnification control executed by a common magnification correction 
amount storage device; 

[00661 Fig. 28 is a cross^sectional view of a laser beam scanning device in an image 



forming apparatus of the tenth embodiment; 

1Q067] — Fig. 29 is a diagram illustrating typical models for showing positional deviating 
condition of a plurality of mono color images in the main scanning direction, which are cause 
by temperature change and the magnification correction executed in the ninth embodiment; 
10068] — Fig. 30 is a crosszsectional view of an image writing section included in the image, 
forming apparatus of the tenth embodiment, which is accompanied by a block diagram 
illustrating magnification control executed therein; 

1Q069] — Fig. 31 is a block diagram illustrating a construction of a magnification and 
positional deviation correcting section of the tenth embodiment; 

[0070| — Fig. 32 is a timing diagram illustratinga timing of executing main scanning direction 
write start position correction in the tenth embodiment; 

1Q07U — Fig. 33 is a flow diagram illustrating operational procedures of the magnification 
correction and the main scanning direction write start position correction executed in the 
tenth embodiment; 

J0072J — Fig. 34 is a cross^sectional view of an image writing section of an image forming 
apparatus of the eleventh embodiment, which is accompanied by a block diagram illustrating 
magnification control executed therein; 

1Q073] — Fig. 35 is a block diagram illustrating a construction of a magnification correcting 
section of the eleventh embodiment; 

I0074J — Fig. 36 is a block diagram illustrating a construction of a rotation number control 
clock generating section of the eleventh embodiment; 

10075] — Fig. 37 is a timing diagram illustrating signal generation timing in a time difference 
counting section of the eleventh embodiment illustrated in Fig. 35; 

l° 076 l — Fi 8- 38 is a flow diagram illustrating an operational procedure of the magnification 
correcting section of the eleventh embodiment; 

10077] — Fig. 39 is a block diagram illustrating a construction of a magnification correcting 
section of the twelfth embodiment; 

J0078J — Fig. 40 is a flow diagram illustrating an operational procedure of the magnification 
correcting section of the twelfth embodiment; 

10079] — Fig. 41 is a flow diagram illustrating an operational procedure of image formation 
executed in the thirteenth embodiment; 

[0080] — Fig. 42 is a block diagram illustrating a construction of a magnification correcting 
section of the fourteenth embodiment; and 

10081J — Fig. 43 is a flow diagram illustrating an operational procedure of the magnification 
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correcting section of the thirteenth embodiment. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
10082] — Referring now to the drawings, wherein like reference numerals designate identical 
or corresponding parts throughout the several view, and in particular to Figs. 1-43 which 
illustrate various embodiments of the present invention, as will now be described. 
1 0083 1 — A construction of an image forming apparatus according to the first embodiment of 
the present invention is now described referring to Fig. 1 . A laser beam scanning device 1 
may be provided to function as a laser beam deflecting device. 

10084J — In the laser beam scanning beam scanning device 1, a laser diode (LD) unit 203 (see 
Fig. 2) may generate a laser beam L by lighting in accordance with image data. A collimate 
lens (not shown) may convert the laser beam L into a parallel luminous flux. The laser beam 
L may then pass through a cylindrical lens (not shown), and bedeflected by a polygon mirror 
1 02 whichjs_rotated by a polygon motor 101. The laser beam may then pass through both of 
an f9 lens and a barrel toroidal lens (BTL) 104, and is then be reflected by a mirror 105. The 
laser beam L may then expose the PC member 106. 

10085] — The BTL 104 may execute pint adjustment in a sub scanning direction (i.e., a 
condensing function and positional adjustment in a sub scanning direction), for example^ 
correcting surface tilt. 

There may be provided af0086l A charger 107, a developing unit 108, a transferring device 
109, a cleaning unit 1 10, and a charge-removing device 1 1 1 all may be provided around the 
PC member 106. These devices may complement an image forming device and 
cooperatively form an image on a recording sheet P by executing charging, exposing, 
developing, and transferring asin a conventional electro-photographic process. The image on 
the recording sheet P may then be fixed by a fixing device (not shown). 
I0087J — Fig. 2 illustrates a construction of an image writing section of the image forming 
apparatus. This is a plan view of the laser beam scanning apparatus 1 illustrated in Fig. 1 and 
includes a plurality of control units for a plurality of peripheries. A magnification correcting 
section 208 that functions as a correcting device for correcting magnification, a phase 
synchronization clock generating section 209, an LD driving section 210, a polygon motor 
drive-controlling section 21 1, and a reference clock generating section 212 may be provided. 
At both of ends in the main scanning direction, a pair of sensors 201 and 202 may be 
provided for functioning as an optical beam-detecting device that detects the laser beam L. 
The laser beam L may pass through the f9 lens 103 and be_reflected by a pair of mirrors 204 



andtha-t 205. Each of the laser beams L may then be condensed by a pair of lenses 206 and 
207, r e spoctivcly, and enter into r e sp e ctivo of the sensors 201 and 202 , respectively . The 
sensor 201 may also function to detect a laser beam scanning-synchronization signal as a 
synchronization detection signal. 

10088] — In this construction, when the laser beam L scans both of the sensors 3402 01 and 
202, the sensors 201 and 202 may output synchronization detection signals DETP (detector 
pulse signal) 1 and DETP 2, respectively. 

1 0089 1 — The synchronization detection signals DETP 1 and DETP 2 may then be sent to the 
magnification correcting section 208. The magnification correcting section 208 may function 
to determine and generate a prescribed clock frequency for modulating a laser beam. The 
magnification correcting section 208 may also function to determine and generate a 
prescribed clock frequency for determining a rotation number of the polygon mirror 102. 
[0090 | — The magnification correcting section 208 may also function to change each of the 
clock frequencies based on a result of measuring a time difference between the 
synchronization detection signals DETP 1 and DETP 2 so as to change image magnification 
in the main scanning direction in accordance with the above- described described clock 
frequencies. 

Both ofQ clock WCLKI0091 1 Both a dnr.k wny , generated by the magnification 
correcting section 208, and the synchronization detection signal DETP 1, sent from the sensor 
20 1, may be sent to the phase synchronization clock generating section 209. Then, a clock 
VCLK may be generated in synchronism with the synchronization detection signal DETP 1 . 
The clock VCLK may be sent to the LD driving section 210 for controlling lighting of a laser 
beam generated by the laser diode unit 203. On the other hand, the clock PCLK generated by 
the magnification correction may be sent to the polygon motor drive controlling section 211. 
10092J — The polygon mirror 102 may then be rotate at a prescribed rotation number in 
accordance with the clock PCLK. 

10093J — The LD driving section 210 may control lighting of the laser in accordance with an 
image signal in synchronism with the clock VCLK. Thus, the LD unit 203 may generates a 
laser beam L. The laser beam L may be deflected by the polygon mirror 102, pass through 
the f8 lens 103 and scan the PC member 106. 

10094] — Fig. 3 is a block diagram for illustrating a construction of the magnification 
correcting section 208. A clock CLK, sent from the reference clock generating section 212, 
may be sent to both of the polygon use clock generating section 301 and the write clock 
generating section 302, so that clocks PCLK and WCLK may be generated. As illustrated in 



Fig. 5, the polygon use clock generating section 301 may include a counter 501, a comparator 
502, and a T-type flip flop 503. The polygon use clock generating section 301 can generate 
the clock PCLK by setting to the comparator 502 the number of clocks having a half cycle of 
a necessary frequency minus one to the on e . To this end, such a value mav be set 
5 te comparator 502. To this end, the data 2 output mav be given a value from the comparing 
and controlling section 304. 

100951 Further, as illustrated in Fig. 4, a construction of a time difference counting section 
303 A that measures a time difference between the DETP 1 and DETP 2 generation time 
p e riodG, mid scndG periods is shown. The time difference counting section 303 such a 

1 0 measurement result to the comparing and controlling section 304. The time difference 

counting section 303 may include a counter 401 and a latch 402. The counter 401 may be 
reset by the synchronization detection signal DETP 1 and start counting clocks WCLK 
(output from the write clock generating section 302). A counted value may be sent to the 
latch 402, and the counted value is latched by a standing-up edge of the synchronization 

1 5 detection signal DETP 2 as illustrated in Fig 6 which shows a timing chart. Such a latched 
counted value may then be sent to the comparing and controlling section 304 as a time 
difference (T) and compared with a reference time difference (TO). 

100961 Then, a pair of correction data 1 and 2 may be determined (and obtained) based on 
such a comparing result and sent to both of the write clock generating section 302 and the 
2 0 polygon use clock generating section 301, respectively, so that both of clocks WCLK and 

PCLK are generated. Such a pair of correction data 1 and 2 may be separately generated for 
roughly correcting magnification error by the write clock WCLK in a unit of one cycle and 
finely correcting remaining magnification error by the PCLK. rospoctivolv. polvgon use clock 
PCLK. The reference time difference (TO) may be a time difference detected at a time of 

2 5 normal rotation (of the polygon 102). 

100971 Fig. 7 is a flowchart illustrating an operational process executed in the magnification 
correcting section 208. 

10098) Before executing an operation, a prescribed amount may be set to respective of on 
the write clock WCLK and the polygon use clock PCLK , respectiv e ly, so that a time 

3 0 difference (T) can substantially be equal to a reference time difference (TO), and 



substantiallybe precise. 

. 100991 Firstly, a time difference (T) between detecting times of sensors 201 and 202 is 
counted (in step S701). Then, the time difference (T) may be compared with the reference 




r(T0). Accordingly, magnification in the main scanning direction can be 
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time difference (TO) (in step S702). If the time difference (T) is substantially equal to the 
reference time difference (TO) (Yes, in step S703), the operation is completed and both of the 
write clock WCLK and polygon use clock PCLK do not vary. If the time difference (T) is 
not equal to the reference time difference (TO) (i.e., T^TO) (No, in step S703), a correction 
5 use table stored in the comparing and controlling section 304 is referred to (in step S704). A 
pair of correction data 1 and 2 may be obtained corresponding to the difference therebetween, 
and are sent to respective of the polygon use clock generating sections 301 and write clock 
generating section 302 (in step S705). 

101 001 Since the difference therebetween does not perfectly accord with data in the 

1 0 correction use table, the nearest data may be selected. 

fOlOl I A write clock WCLK and a polygon use clock PCLK may then be generated by the 
polygon use clock generating sections 301 and write clock generating section 302 
corresponding to the pair of correction data 1 and 2, respectively (in step S706). When 
comparing the time difference (T) and reference time difference (TO) in the comparing and 

15 control section 304, it is_generally requircs required to be determined if those arc whether the 
time difference (T) is perfectly eqtfttk- equal to the reference time difference (TO). 

101021 However, it may be determined as normal when a difforon.ee 
to be normal , if the difference between the time difference (T) and the reference time 
difference (TO) is within an allowable range. Thus, bothef the write clock WCLK and 

2 0 polygon use clock PCLK may be changed only when the difference between the timed 

differenc e (T) and the are more than reference time difference (TO) is not within the allowable 
range. 

[01031 Fig. 13 illustrates a relation ship between an amount of positional deviation of a laser 
beam* which deviation is generated by a change in temperature. It is noted therefrom that the 

2 5 laser beam may expand in the main scanning direction, and as a result, an image may be 

enlarged as temperature rises. 

[01041 Fig. 14 illustrates a relation ship between a time difference between laser beam 
detection times, which are detected by both ofthe sensors 201 and 202, and temperature. As 
noted from the drawing, the time difference becomes smaller as temperature rises. Since a 

3 0 magnification changing amount (counter) corresponding to the time difference comparing 

result can be known from the relation ship between the positional deviation and the time 
difference as shown in Figs. 13 and 14, respectively, the correction use table may preferably 
be formed therefrom. 
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101051 Such a relation ship may only slightly vary depending upon a lens and an image 
forming apparatus, it is sufficient to measure a representative amount beforehand. Thus, 
according to the first embodiment, the reference clock to be counted may not rcquir ebe 
required to be excessively fine because the polygon use clock finely changes its frequency to 
5 control the image magnification. 

[01061 The second embodiment will now be described. The second embodiment may differ 
from the first embodiment by firstly,, correcting magnification by either increasing or 
decreasing a frequency of the write clock, and secondly correcting magnification by either 
increasing or decreasing that of the polygon use clocks if the-increasing or decreasing a 

10 frequency of the write clock is impossible to perfectly correct a prescribed amount. 
101071 Fig. 8 is a flowchart illustrating an operational procedure executed by the 
magnification correcting section 208. In this operation, a time difference (T) between the 
sensors 201 and 202 may initially be counted (in step 801). The time difference (T) is 
compared with the reference time difference (TO) (in step 802). This comparison may 

15 determine if it is within a level in which roughlv roughness manner change of a write clock 
frequency is suitable due to its clock unit roughness. If the (T) is substantially equal to the 
reference time difference (TO) (Yes, in step 803), namely^ if it is aLa level in which correction 
by changing the write clock frequency is impossible any morc. at this time, the time difference 
(T) is compared again with the reference time difference (TO) (in step 807). In this case, the 

2 0 comparison result may determine if it is at a level in which correction is possible by changing 
the polygon use clock frequency. If the time difference (T) is substantially equal to the 
reference time difference <T0) (Yes, in step 807), namely A if it is ata level in which correction 
is impossible any more by changing the polygon use clock frequency, such an operation is 
completed. Thus, all of the write clock WCLK and the polygon use clock PCLK may be 

2 5 maintained unchanged. 

101081 If the time difference (T) is smaller than the reference time difference (TO) (i.e., T < 
TO) (in step 808), since an image is enlarged in the main scanning direction, the polygon use 
clock frequency and accordingly, a number of rotation of the polygon mirror, may be 
decreased (in step S809). If the time di fference (T) is larger than the reference time 

3 0 difference (TO) (i.e., T > TO) (No, in step S808), since an image is reduced in the main 

scanning direction, the polygon use clock frequency and accordingly the number of rotation 
of the polygon mirror may be increased (in step S810). Then, a time difference (T) may be 
counted (in step S801) and compared with the reference time difference (TO) (in step S802) 
again. Such operations are repeated until a prescribed level is reached in which correction is 



impossible any more by changing the polygon use clock frequency. 

[01091 On the other hand, if it is determined that correction is possible by changing a write 
clock frequency (No, in step S808), and a time difference (T) is smaller than (TO) (T < TO) 
(Yes, in step S804), a write clock frequency may be increased (in step S805) because an 
5 image is enlarged in the main scanning direction. To the contrary, if the lime difference (T) 
is larger than the reference time difference fTO^ (T > TO) (No, in step S804), since an image 
is reduced in the main scanning direction, the write clock frequency is decreased (in step 
S806). Then, the flow returns to stepS 8 01, and a time difference ^T) is counted (in step 
S801) and compared with the reference time difference TO (TO) again. Such operations may 

10 be repeated until a prescribed level in which correction is impossible any more by changing a 
write clock frequency. After reaching the prescribed level, the flow goes to stoeJbllowing 
stops of stop S807 step SS07, wherein the polygon use clock frequency is changed. 

101101 Since a magnification changing amount corresponding to a time difference 

comparison result can be determined from a relation ship between the magnification deviation 

15 amount and the time difference, magnification correction efficiency may be improved if 

incroaGo and dccrousc widths o f rospectivc increased and decreased widths of the write clock 
frequency and polygon use clock frequency are predetermined in accordance with the 
magnification changing amount. Since such the rolation a relationship is not largely changed 
depending upon a lens and an image forming apparatus, a prescribed representative amount 

2 0 may preferably be determined. 

[ QU I I If the write clock WCLK has 24 MfeM HZ. the polygon rotation number is 20,000 

rpm, and the polygon use clock PCLK has 666,67 Hz to obtain the polygon rotation number 
20,000.rpm, the reference clock CLK has 21MHz 24 MHZ and magnification is precise, an 
amount of TO is used as a reference time difference and has 8160 degree (TO = 8160), and an 

2 5 amount of T becomes 8161 (T=8 161), the write clock WCLK may be required to have 

23,997MIIz23,997 MHZ to correct the magnification. Such correction can be achieved only 
when the write clock generation section 302 can execute fine tuning of the frequency by a 
step of 0.0123%. 

101121 The polygon use clock PCLK having 666.67Hz 666.67 MHZ can be generated by 

3 0 setting (18000-1) degree to the comparator 502. 

10H3] The polygon rotation number should be around 20,002.4rpm to correct 

magnification. Similarly, when (17998-1) degree is set to the comparator 502, the polygon 
use clock PCLK becomes 666.71Ha666.74 MHZ and the polygon rotation number becomes 
20,002.2_rpm. 



101141 A slight magnification error is indeed produced. 

101151 However, if a frequency of the reference clock CLK 212 is optimized, width of 
rotation number change corresponding to a setting amount of the comparator 502 may vary 
and the magnification error can be minimized. Thus, magnification correction by changing 
5 the polygon use clock can be easier when compared with that by executing fine-tuning for the 
write clock. 

101161 The third embodiment will be now described. This embodiment may be different 
from the second embodiment by once initializing the polygon rotation number when either 
the write clock frequency and the polygon use clock frequency is changed. 
1 0 The initial condition may include the polygon rotation number with which the magnification 
has substantially been precise. 

101171 Fig. 9 is a flowchart illustrating an operational procedure atof the above-described 
situation. Before executing steps of from S801 to S810 illustrated in Fig. 8, steps of from 
S901 to S904 may be inserted. Namely, if the T is not substantially equal to the TO (i.e. T 
15 TO) (in step S903), the polygon use clock frequency may be returned to an initial value (in 
step S904). Since an operation executed in each of subsequent steps is substantially the 
same, details are omitted. 

[01 181 The fourth embodiment will now be described. Fig. 10 illustrates an image forming 
apparatus employing a four-drum system. The image forming apparatus may includes four 

2 0 image formation units and four laser beam scanning units so as to form a color image by 

superimposing four images (e.g. yellow, magenta, cyan, and black). The image forming 
apparatus may be composed by arranging each of four units of the image forming apparatus 
illustrated in Fig. 1 . The first, second, third, and fourth color images may consequently be 
formed and transferred on a printing sheet P fed by a transfer belt B in a direction as shown 
25 by an arrow illustrated therein. Thus, a color image composed of the four-color images 
which have been superimposed may be formed. 
[01191 A transfer motor M may drive the transfer belt B. 

101201 Image magnification correction in the main scanning direction for each color may be 
executed substantially in the same manner as described in from the first to third embodiments. 

3 0 [01211 In this embodiment, a pair of sensors that detects a laser beam L may be provided 

for each laser beam scanner as one example. In another example, a pair of sensors may be 
provided in any one of the laser beam scanners, and only one sensor for detecting a 
synchronization signal may be provided in the remaining laser beam scanners. In still 
another example, a pair of sensors may be provided in any couple of laser beam scanners, and 



only one sensor, for detecting a synchronization signaL may be provided in the remaining 
laser beam scanners. 

101221 When a difference in temperature between laser beam scanners (i.e. a f6 lenses 103) 
is relatively small, a pair of sensors can be provided in any one of laser beam scanners 1, and 
5 magnification error of each laser beam scanner can be corrected based on a time difference 
between detection times detected by the pair of the sensors. 

101231 Otherwise, if a difference in temperature between laser beam scanners (i.e. a f9 
lenses 103) neighboring to each other is relatively small, a pair of sensors can be provided in 
laser beam scanners 1^ not neighboringte each other. Magnification error of laser beam 
1 0 scanners neighboringte each other may be corrected based on a time difference between 
detection times detected by the pair of the sensors. 

101241 The fifth embodiment will now be described. Fig. 1 1 illustrates an image forming 
apparatus also employing a four-drum system. A laser beam scanner in this image forming 
apparatus is different from that illustrated in Fig. 10, but image forming units arranged 
15 around the PC member are similar to those illustrated in Fig. 10. The laser beam scanner 1 in 
this embodiment may use only one polygon mirror 1101. 

101251 Both of an upper surface and ajower surface of the polygon mirror 1101 may 
deflect and scan different color laser beams LI and L2. Further, the color laser beams may 
be distributed widthwise from the polygon mirror 1101 as a swinging center of the 

2 0 distribution, so that the four-color laser beams L scan respoctive of PC members 106 for black 

(106BK), cyan (106C), magenta (106M), and yellow (106Y). Each color laser beanr, 
deviated by the polygon mirror 1 101 4 may pass through the f6 lenses 1 102BK, 1 102C, 
1 102M, and 1 102Y and is reflected by first and second mirrors 1 103BK, 1 103C, 1 103M, and 
1 1 03 Y and 1 1 04BK, 1 1 04C, 1 1 04M, and 1 1 04Y. Each color laser beam may pass through 
25 BTLs 1 105BK, 1 105C, 1 105M, and 1 105Y and is reflected by third mirrors 1 106BK, 1 106C, 
1 106M, and 1 106Y, and finally scan the PC members 106 BK, 106C, 106M, and 106Y. 
101261 Around the PC member 106BK, a charger 107BK, a developing unit 108BK, a 
cleaning unit 1 lOBK, and a charge-removing device lllBK a may be arranged. The 
remaining color unit may include substantially the same devices as described above around 

3 0 an applicable PC member. 

101271 Fig. 12 is a plan view of the laser beam scanner 1 illustrated in Fig. 11. As noted 
from Fig. 12, a pair of laser beams LI from an LD unit 1201BK and an LD unit 1201Y may 
pass through cylinder lenses (CYL) 1202BK and 1202Y, respectively, and directed to a lower 
surface of the polygon mirror 1101 after reflected by reflection mirrors 1203BK and 1203Y, 



respectively. The pair of laser beams LI may then be deviated by the polygon mirror 1101 
that is rotating, pass through the f9 lenses 1 102BK and 1 102Y, and then is reflected by the 
first mirrors 1 103BK and 1 103Y, respectively. A pair of laser beams L2 from an LD unit 
1201C and an LD unit 1201M may pass through cylindrical lenses (CYL) 1202C and 1202M, 
5 respectively, and ts then be directed to a higher reflection surface of the polygon mirror 1101. 
(01281 The pair of laser beams L2 may then be deflected by the rotating polygon mirror 
1 101, pass through the fB lenses 1 102C and 1 102M, and then isbe reflected by the first 
mirrors 1 103C and 1 103M, respectively. At both ends of the main scanning range, 
cylindrical mirrors (hereinafter referred to as CYMs) 1204BKC and 1204MY, CYMs 

10 1205BKC and 1205MY, and sensors 1206BKC and 1206MY and 1207BKC and 1207MY 

may be provided so that the pair of laser beams LI and L2 can be reflected and condensed by 
the CYMs 1204BKC and 1204MY and 1205BKC and 1205MY, respectively, and then enter 
into the sensors 1206BKC and 1206MY and 1207BKC and 1207MY, respectively. Each of 
the sensors 1206BKC and 1206MY may function as a synchronization detection sensor that 

1 5 detects a laser beam as a synchronization detection signal. 

101291 Thus, both of the laser beams LI and L2 from the LD units 1201BK and 1201C may 
commonly utilize the CYM 1204BKC, the CYM 1205BKC, and the sensors 1206BKC and 
1207BKC. Similarly, both of the laser beams LI and L2 from the LD units 1201 Y and 
1201M may commonly utilize the CYM 1204MY, the CYM 1205MY, and the sensors 

2 0 1206MY and 1207MY. Since two laser beams enter into the common sensor, timings for the 
laser beams to enter thereinto may be differentiated from another so that the laser beams can 
separately be detected. 

101301 However, two sensors can be provided to detect the pair of laser beams- 
reopoctivoly . As noted from Fig. 12, the scannings for the Y and M processes may oppositely 

2 5 be performed to those for the BK and C processes. 

101311 As noted from Fig. 13, even if temperature rises from (a) as a reference to (b), a 
beam position does not substantially change in the vicinity of the center of the f6 lens. 
Whereas, the laser beam outwardly deviates in the main scanning direction^ the larger being 
the nearer to#*e both ends of the f6 lens. Fig. 13 illustrates the relationship appearing only on 

3 0 one half of the lens, and substantially the same relationship may appear on another half from 

the center of the main scanning direction. Thus, when comparing with image magnification 
appearing when temperature is (a), an image may be enlarged by two times of a deviation 
amount Z atrts both of its ends when temperature is (b). In addition, a difference Y between 
the vicinity of the sensor and that of the image end may be a positional shifting amount in the 



main scanning direction, which is to be corrected by adjusting write start timing in the main 
scanning direction. 

[01321 As noted from Fig. 14, if the time difference is TO when temperature is (a) and the 
temperature rises to (b), since the beam passed through the lens may spread outwardly, the 
5 time difference may become T shorter than the TO. 

101331 Fig. 15 illustrates image movement in the main scanning 
scanning direction when magnification error is corrected. Since each of the laser beams LI 
and L2 may be distributed and sca nned using the polygon mirror 1101 as a swinging center, 
the magnification change described with reference to Fig. 13 may cause image positional 
1 0 movement in the main scanning direction. 

[01341 Hereinbelow. both of a magenta image (M) and a cyan imag e 
image (Q may be described as an example. Scanning directions on the PC member for two 
color processes may be opposite to each other. 

[01351 Even if each color image is separately indicated over and under the drawing for the 
15 purpose of easy comprehension, those may be overlapped at practical use. In addition, it is 
supposed that the M image starts to be written from a left side, and the C image is from a 
right side. In addition, it is premised that magnification and a write position may be changed 
by substantially the same amount in both of the M and C color images. 
[0136) When temperature is (a), both of the magnification and the main scanning position 
2 0 of respective of the M and C images may coincide with each other. If the temperature rises to 
(b), as described with reference to Fig. 13, the M image may be enlarged by double of the z, 
and the main scanning direction write start position may be deviated to the right by the Y. In 
addition, the C image may be enlarged by double of the Z, and the main scanning direction 
write start position may be deviated left by the Y. As a result, there is a positional deviation 

2 5 between the M and C images in the main scanning direction by (Yx2) + (Zx 2). 

[01371 Then, the magnification error may be corrected by the following method. Since the 
magnification error is corrected based on a result of measuring a time difference between the 
pair of sensors 1206BKC (1206MY) and 1207BKC(1207MY), a particularly serious problem 
does not occur if a width of an image in the main scanning direction is wide so as to extend to 

3 0 a position in the vicinity of the sensors. This is because as illustrated in Fig. 13, the line 

representing the vicinity sensor is relatively adjacent to that representing the vicinity of image 
ends in the main scanning direction, and accordingly, a large amount of write start adjustment 
may not be required. 

[01381 However, as noted from Fig. 13, if image width is narrow in a prescribed level and 



magnification error is corrected based on the time difference between the sensors 1206 and 
1207, an image may practically excessively be corrected. This is because, beam expansion 
(i.e. beam enlargement rate) may be the larger at the closer to an outer side of the main 
scanning range due to an increase in temperature. To this end, since an amount of beam 
5 positional deviation at each position of the lens caused by temperature rise is substantially 
known as illustrated in Fig. 13, a magnification error can be suppressed if the time difference 
between the sensors 1206 and 1207 is measured, and is converted into a prescribed amount 
by multiplying a prescribed coefficient to a practical image width, and then the magnification 
error is corrected based on the prescribed amount. 
1 0 101391 According to the above-described manner, enlarged portions of both of the M and C 
images can be corrected, but each of the write start positions in the main scanning direction is 
not perfectly corrected (i.e., deviation remains by the y). 

101401 Since this deviation amount changes depending upon an image width, correction 
precision may be improved by changing the correction amount in accordance with which a 
15 practical image width is similar to the magnification correction. 

[0141 1 Hereinbelow. one example of a correction manner for correcting a write start 
position will be described. 

[01421 Fig. 16 illustrates an image writing unit that corresponds to one of the color image 
writing units illustrated in Fig. 12. 
2 0 [01431 The image writing unit may be different from the control unit of the first 

embodiment by including a correction amount storage section 1601 for storing data related to 
a positional deviation correction amount in the main scanning direction corresponding to the 
time difference. In addition, a synchronization detection signal delaying section 1602 that 
delays the synchronization detection signal DETP1 by a correcting amount read from the 

2 5 correction amount storage section 1601 may be included as the difference. Also included as 

the difference may be a main scanning direction- write start position-control section 1603 that 
controls a write start position in the main scanning direction in a unit of one cycle of a VCLK 
(video clock) in accordance with the correcting amount read from the correction amount 
storage section 1601. An optical unit may correspond to that illustrated in Fig. 12. 

3 0 [01441 Fig. 17 is a block chart illustrating a construction of a magnification correcting 

section 208 in this embodiment. 

[0145] The magnification correcting section 208 may be different from that in the first 
embodiment by counting the time difference using a reference clock CLK. Both of the write 
clock WCLK and the polygon use clock PCLK may be generated from the time difference 



(T) in a manner similar to the first embodiment by employing a correction use table that 
stores correction data 1 and 2 corresponding to the time difference (T) in the comparing and 
controlling section 304. 

101461 The main scanning direction positional correction may be executed by comparing 
5 the time difference T with the reference time difference TO, and reading a main scanning 
positional correction amount stored corresponding to the comparison result. Specifically, as 
illustrated in Fig. 16, as to a correction amount of integer multiple of one cycle of WCLK, it 
may be sent to the main scanning direction write start position controlling section 1603 as 
data 3. In addition, as to a correction amount less than one cycle of the WCLK, it may be 

10 sent to the synchronization detection signal delaying section 1602 as data 4. 

101471 Fig. 18 is a timing chart illustrating correction timing for correcting the write start 
position in the main scanning direction. As noted therefrom, a standing up edge of DETP 
(DETP 1) may be a write start reference in the main scanning direction. 
[01481 If writing is started from the third clock of the write clock VCLK appearing after the 

15 standing up edge, the synchronization detection signal delaying section 1602 does not delay 
the DETP 1 (i.e. DETP 1 = DETP). "/LGATE" may represent a gate signal for activating the 
LD unit 203 to generate a laser beam in the main scanning direction. An image data may be 
sent to the LD driving section 210 when the signal is at the low level as illustrated in an upper 
side of Fig. 18. 

2 0 [01491 If a frequency is changed so as to correct magnification and a write start position in 
the main scanning direction is delayed by one and a_quarter cycles of a clock pkts pulse in the 
write clock generation section 302, the synchronization detection signal delaying section 
1602 may delay DETP 1 by a quarter cycle of the VCLK so that the write start timing is 
delayed by a prescribed amount. The synchronization detection signal delaying section 1602 

2 5 may then send the signal of DETP to the phase synchronization clock generation section 209. 

In addition, a timing of "/LGATE" may be delayed by one cycle of the VCLK in the main 
scanning direction write start position controlling section 1603. As a result, although 
"/LGATE" is validated when delayed by three clocks from the DETP 1 before executing the 
correction, it is validated when delayed by four and a quarter clocks after the correction as 

3 0 illustrated in Fig. 18. Thus, correction may be executed by one and a quarter clocks as a 

result. 

[01501 Fig. 19 is a flowchart for illustrating an operational procedure of both of 
magnification correction and main scanning direction positional correction. Before the 
operations, both of a prescribed write clock and a prescribed polygon use clock may be set so 



that a reference time difference TO can be obtained. Thus, magnification in the main 
scanning direction on an image may be precise ertin this situation. Based on such 
preconditions, a time difference between sensors (i.e., the sensor 1206BKC (1206MY) and 
sensor 1207 BKC (1207MY)) may be counted (in step SI 901). The time difference T_may 
5 then be compared with the reference dime difference TO (in step SI 902). If the time 

difference T is substantially equal to the reference time difference TO (Yes, in step SI 903), 
the operation is completed, and both of the write clock WCLK and the polygon use clock 
PCLK may be romaincd remain unchanged. If the time difference T is not equal to the 
reference time difference TO (T £ TO) (No, in step SI 903), the correction use table in the 

1 0 comparing and controlling section 304 may be referred to, and a prescribed magnification 
correction amount may be read (in step SI 904). In addition, both of correction data 1 and 2 
against the time difference T may be sent to the polygon use clock generation sections 301 
and write clock generation section 302 (in step SI 905). Since, the time difference T rarely 
coincides with data of the correction use table, the closest data may necessarily be selected. 

1 5 101 51] Then, the polygon use clock generation section 301 and write clock generation 
section 302 may generate both of a prescribed write clock WCLK and polygon use clock 
PCLK in accordance with the correction data 1 and 2, respectively (in step SI 906). 
10152} Further, a main scanning direction positional correction amount may be read from 
the storage section 1601 in accordance with the time difference T (in step 1907). A pair of 

2 0 data 3 and 4 may then be calculated from the main scanning direction correction amount and 
the write clock WCLK by the comparing and control section 304 (in step SI 908). The pair of 
data 3 and 4 may then be sent to both of the main scanning direction write start position 
control section 1603 and the synchronization detection signal delaying section 1602, 
respectively. Thereby, the write start position in the main scanning direction may be 

2 5 corrected (in step SI 909). When comparing the time difference T with the reference time TO, 

even if it is essential to determine ifthe both are perfectly equal with to each other, it can be 
determined as normal if a difference therebetween is within an allowable magnification error 
range. Thus, when the difference is more than ihafc rthe allowable, both of a write clock 
frequency and a polygon use clock frequency may be changed. 

3 0 [01531 The sixth embodiment will now be explained. An image forming apparatus of the 

sixth embodiment may be similar to that described in the first embodiment. The sixth 
embodiment may be different form the first embodiment by employing a temperature sensor 
for detecting temperature of a f9 lens 103 and correcting f niagui fie ation? V niagni fication 
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based on the temperature. 

[01541 Fig. 20 illustrates an image writing unit in the image forming apparatus of this 
embodiment. Fig. 20 is a plan view of the laser beam scanning apparatus illustrated in Fig. 1, 
and illustrates a plurality of peripheral control units. 
5 101551 A synchronization sensor 2001 may be disposed in front of an image formation start 
position in the main scanning direction so as to detect a laser beam. The laser beam may pass 
through the f9 lens 103 and i sthen be reflected by the mirror 2002. The laser beam may be 
condensed by the lens 2003 and enter into the synchronization sensor 2001 that detects a laser 
beam scanning synchronization signal as a synchronization detection signal. 

1 0 101561 When the laser beam L is scanned by the polygon mirror 102, a synchronization 
signal DETP 1 may be output from the synchronization sensor 2001 and isthen sent to the 
phase synchronization clock generation section 209. The magnification correcting section 
208 may determine and generate a clock frequency for modulating the laser (beam?V b eam. 
Also determined and generated by the magnification correcting section 208 may be Also. a 

15 clock frequency for determining a number of rotations of the polygon mirror 4-0^- 102 may be 
determined and generated by the magnification correction section 208. The magnification 
correcting section 208 may also include a magnification correction function of changing each 
of the clock frequencies based on a result of detecting temperature of the f9 lens 103 using a 
principle wherein an image magnification changes in accordance with clock frequency 

2 0 change in a main scanning direction. 

101571 Both of a clock WCLK generated in the magnification correcting section 208 and a 
synchronization detection signal DETP 1 from the synchronization sensor 2001 are sent to 
the phase synchronization clock generation section 209, so that a clock VCLK may be 
generated in synchronism with the DETP 1 . 

2 5 101581 The clock VCLK may be sent to the LD driving section 210 that controls lighting of 

a laser unit 203. The clock PCLK generated by the magnification correcting section 208 may 
be sent to the polygon motor drive controlling section 211. The polygon mirror 102 may 
rotate at a prescribed number of rotations corresponding to the frequency of the clock PLCK. 
The lighting of the laser beam may be responsive to an image signal and synchronized with 

3 0 the clock VCLK. The polygon mirror 102 may then deflect the laser beam. The laser beam 

may then pass through the fB lens 103 and scan the PC member 106. 

F+gr l01591 Fig. 22 is a block diagram illustrating a construction of the magnification 

correcting section 208 of this embodiment illustrated in Fig. 20. A clock CLK may be sent 
from a reference clock generating section 212 to both of the write clock generating section 



302 and the rotation number controlling clock generation section 2201. Both of correction 
data Dtl and Dt2 may be set and clocks WCLK and PCLK may be generated to and from the 
reference clock generating section 212 and write clock generating section 302, respectively. 
As illustrated in Fig. 23, the rotation number control clock generating section 2201 may 
5 include a counter 501, a comparator 502, and a T-flip flop 503. The clock PCLK may be 
generated by setting a half cycle of a necessary frequency minus 1 to the comparator 502. 
Thus, such an amount may necessarily be included in the correction data Dt2. 
101601 Now, back to Fig. 20, the f8 lens 103 may include a temperature detection sensor 
2004 for detecting temperature of the fB lens. Temperature data Tt may be generated when 

10 an output of the temperature detection sensor 2004 is sent to the temperature detection section 
2005. The magnification correction amount storage section 2006 may store a plurality paifof 
pairs of frequency setting data for clocks WCLK and PCLK corresponding to the temperature 
of the f9 lens 103. The frequency setting data may be obtained as listed below from a 
positional deviation amount of a laser beam L which is caused by a change in temperature of 

15 the fB lens 103 as illustrated in Fig. 26. Each of the frequency setting data may be stored as 
correction data with temperature Tt as an address. 

Table: 
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10161 1 The correction data may also be determined so that a changing width of a rotation 
number control clock can be as small as possible. This is especially because less color 

1 0 deviation in the sub scanning direction appears when a multi color image is formed. When 
temperature data Tt is sent to the magnification correction storage section 2006, the pair of 
frequency setting data Dtl _ and Dt2 may be output corresponding to the temperature data Tt 
for clocks WCLK and PCLK, respectively. Subsequently, these data may be sent to the 
magnification correcting section 208, and both of the clocks WCLK and PCLK may be 

15 generated. 

101621 Fig. 21 is a flow diagram illustrating an operational procedure for magnification 
correction executed in the magnification correcting section 208. In the operation, 
temperature Tt of the fB lens 103 may be initially detected (in step S2101). The pair of 
correction data Dtl and Dt2 corresponding to the temperature Tt may be read from the 

2 0 correction amount storage section 2006 (in step s2102) and are sent to the magnification 

correcting section 208. Both of the write clock generation section 302 and rotation number 
control use clock generation section 2201 all 220K in the magnification correcting section 
208,, may generate the write clock frequency WCLK and the rotation number control clock 
PCLK according to the correction data Dtl and Dt2, respectively (in step 2103). 
25 101631 Such operational steps may be executed just before an image formation. When a 
plurality of prints isare continuously made, the correction may preferably be executed 
between sheets (i.e., between image formations) because it is supposed that temperature, and 
accordingly magnification, changes during printing. If an ordinal sheet gap is too narrow to 
execute the correction, the gap may be extended only during the correction. 

3 0 [01641 The seventh embodiment will now be described with reference to Figs. 24 and 25. 

A construction of an image forming apparatus of the seventh embodiment may substantially 
be the same as that of the first embodiment illustrated in Fig. 1. 

101651 An image write section of the seventh embodiment is illustrated in Fig. 24. The 
seventh embodiment may be different from the sixth embodiment by employing a plurality of 



temperature detection sensors 2401, 2402 and 2403 for detecting temperature of the f9 lens. 
Contrary to the first embodiment wherein only one temperature detection sensor 2004 is 
included, the seventh embodiment may include three sensors, for example, positioned at a 
center and right and left sides of the fB lens. The temperature detection section 2404 may 
5 include a function as an average calculation section for calculating an average of the detected 
temperature and seft tsend the calculated temperature data Tta to the magnification correction 
amount storage section 2006. The other sections may be constructed in a^substantiallythe 
similar manner to the sixth embodiment. 

101661 Fig. 25 is a flow diagram illustrating an operation procedure executed in the 
1 0 magnification correcting section 208 according to the seventh embodiment. All of the 

temperatures Tl, T2, and T3 of the f9 103 lens may initially be detected (in step S2501). An 
average Ta of the temperatures Tl , T2," and T3 may then be calculated (in step S2502). Then, 
correction data Dtl 7 and Dt2 may be read from the correction amount storage section 2006 in 
accordance with the average temperature Ta (in step S2503) andare sent to the magnification 
15 correcting section 208. The write clock generation section 302 and the rotation number 
control use clock generating section 2201 a!1 2201. both in the magnification correcting 
section 208 a may generate a prescribed write clock WCLK and a prescribed rotation number 
control clock PCLK, respectively (in step S2504). 

[01671 The eighth embodiment will be now described. The image forming apparatus of the 
2 0 eighth embodiment may include substantially the same construction as that of the fourth 
embodiment illustrated in Fig. 10. Namely, the eighth embodiment may include an image 
forming apparatus employing a four drum system, wherein four sets of image formation 
sections and laser beam scanning apparatuses are provided, in order to form a multi color 
image by superimposing each of four colors (e.g. yellow, magenta, cyan, and black). 

2 5 [01681 In such an image forming apparatus, image magnification correction for each color 

in the main scanning direction may be executed in a similar manner to those described with 
reference to the sixth and seventh embodiments. 

I0169| Specifically, when magnification changes in one or more scanning apparatuses, 
image deviation accordingly occurs in its main scanning direction. However, the image 

3 0 deviation can be suppressed by appropriately correcting one or more the magnifications. 

101701 The ninth embodiment will now be described. 

[01711 The ninth embodiment may include substantially the same image forming apparatus 
as that of the eighth embodiment. 

[01721 Fig. 27 is a diagram illustrating an image write unit in the image forming apparatus 



of the ninth embodiment. 

[01731 One temperature detection sensor 2004 may be provided for detecting temperature 
of the fB lens 103 disposed within a laser beam scanning apparatus. Both of a plurality of 
write clocks WCLK (n) (wherein n varies from 1 to N. whoroin N and N represents the 
5 number of laser beam scanning apparatuses) and rotation number control clocks PCLK (n) 
(wherein n varies from 1 to N, whoroin N and N represents the number of laser beam scanning 
apparatuses) may be generated in all of the image write units based on temperature detected 
by the sensor for the purpose of correcting image magnification. In this embodiment, n=2 
may be utilized as one example. 
10 101741 The construction may be substantially the same as that illustrated in Fig. 20, and an 
operational procedure to be executed in the magnification correcting section 208 may also be 
substantially the same as that described in the sixth embodiment. 

101751 Since detection temperature is atypical representative to be referred to when image 
magnification error is corrected in each of the image write unit, this embodiment is preferably 

15 directed to a case in which a temperature difference between the laser beam scanning devices 
(i.e. fB lenses 103) is relatively small. As to the scanning device ashaving a temperature 
detection objective, a prescribed efte scanning device may be preferable if whoso it has a 
temperature is most only slightly different from that of anothe r scanning device . Thus, in the 
case of the scanner units illustrated in Fig. 10, for example, any one of two centraltwe units 

2 0 may be the objective of temperature detection , for example . If only neighboring laser beam 
scanning units (i.e. fB lenses 103) have a_slight temperature difference, a pair of temperature 
detection sensors 2004 may be provided to any two laser beam scanning units , respectively, 
not neighboringte each other. Namely, each of the temperatures may be detected and the 
magnification of the neighboring laser beam scanning units may be corrected based on the 

2 5 temperature. 

[01761 Thus, the pair of image write units may necessarily be arranged in such a_situation in 
a manner as illustrated in Fig. 27. 

101771 The other sections may be constructed sin a similar manner to that of the sixth 
embodiment. 

3 0 [01781 The tenth embodiment will now be described. The tenth embodiment corresponds to 

claims 2 and 4 . A construction of an image forming apparatus of the tenth embodiment may 
substantially the same as that described with reference to Fig. 1 1 . A laser beam scanning 
apparatus of the tenth embodiment may be different from that of the ninth embodiment as 
follows. 



101791 A plurality of image formation units arranged around a PC member of the tenth 
embodiment may substantially be the same as those of the ninth embodiment. The laser 
beam scanning device of the tenth embodiment may employ a polygon mirror which deviates 
and scans different colors of laser beams by its upper and lower side surfaces, respectively. 
5 In addition, four colors of laser beams may scan the PC members, reopectivoly ? when 

distributed and the scans may be performed around the polygon mirror as a swinging center. 
101801 Each color laser beam may be deflected by the polygon mirror, may p ass through 
the f9 lens, may be reflected by the first and second mirrors, may pass through the BTL, mav 
be_reflected by the third mirror and then mav scan the PC member. 

1 0 101811 Fig. 28 is a plan view of the laser beam scanning units illustrated in Fig. 1 1 . Each of 
Laser laser beams from the LD unit 1201BK and 1201 Y may pass through the CYL 1202BK 
and 1202 Y, ts mav be reflected by the reflection mirror 1203BK and 1203Y, respectively, and 
may enter into a lower side surface of the polygon mirror 1101. The laser beams may be 
deflected by the rotating polygon mirror 1101, may pass through the fB lens 1 102BK and 

1 5 1 102Y, and is mav be reflected by the first mirrors 1 103 BK and 1 103Y. 

101821 Similarly, each of the laser beams from the LD units 1201C and 1201M may pass 
through the CYL 1202C and 1202M, respectively, and enter into the upper side surface of the 
polygon mirror 1101. The laser beam L2 may be deflected by the rotating polygon mirror 
1 101, mav pass through the fB lenses 1 102C and 1 102M, and ismavbe reflected by the first 

2 0 mirrors 1 103C and 1 103M, respectively. 

101831 In the tenth embodiment, a pair of synchronization sensors 2802BKC and 2802MY 
may be provided prior to an image write start position in the main scanning direction for 
detecting laser beams LI and L2, respectively. In addition, the pair of laser beams LI and L2 
passing through the fB lenses 1 102BKC and 1 102M may be reflected and condensed by the 

2 5 CMY 2801BKC and 2801 MY, respectively, and mav enter into the synchronization sensors 

2802BKC and 2802MY, respectively. Such synchronization sensors 2802BKC and 2802MY 
may be provided so as to detect a laser beam scanning synchronization signal as a 
synchronization detection signal; In this embodiment, both of the laser beams LI and L2 
from the LD units 1201BK, 1201C, 1201Y, and 1201M may use the common CYM 

3 0 2801BKC or 2801MY and the synchronization sensor 2802BKC or 2802MY. Since two 

laser beams LI and L2 enter into the common synchronization sensor 2082BKC and 
2082MY, entering timings for the beams may be differentiated from the other go as to 
s e parately bo dotoct. so as to be separately detected. 

101841 However, two sensors can be provided for each of laser beams LI and L2. As noted 



from Fig. 28, scannings for the Y and M processes may be oppositely executed to those for 
the BK and C color processes. 

101851 Fig. 26 illustrates rclalion the relationship between a deviation amount of a laser 
beam passing through the fB lens in the main scanning direction and changes in the 
5 temperature of the scanning device (i.e., f9 lens 1 102) chang e s . As noted therefrom, when 
the temperature rises from a to b, a position of the beam substantially does not change in the 
vicinity of the center of the fB lens 1 102 even increase in the temperature. though the 
temperatiire has increased. However, the laser beam may deviate outwardly in the main 
scanning direction by tkea larger amount* the closer it is to the ends of the fB lens 1 102. Such 

10 phenomenon may also appear in an opposite side of the f8 lens 1 102. 

10186) Thus, when the temperature is (b), an image may be enlarged by double of the 
deviation amount Y in the vicinity of the image ends in the main scanning direction, and is 
different foi m from when the temperature is (a). In addition, a difference C X-Y' between the 
vicinity of the synchronization sensor and that of the image ends may be a write start 

1 5 positional changing amount in the main scanning direction. 

101871 Fig. 29 illustrates an image positional moving amount in the main scanning 
direction when magnification correction is executed. Since each laser beam is distributed and 
scans by using the polygon mirror 1101 as a swinging center, image magnification change* 
described with reference to Fig. 26* may create and present image position movement in the 

2 0 main scanning direction. If magenta and cyan images (M) and (C) are to be formed* for 

example, the scanning directions for the two colors may be opposite of each other . Even if 
each of the color images is separately illustrated up and down for purpose of easy 
comprehension, those two color images are superimposed on the other. In addition, a write 
start position for the M image are supposed to be on a left side, and tha tthe write start 

2 5 position for the C image are supposed to be on_a right side. Further, bothef the magnification 

and the write start position are supposed to change by substantially the same amount as to 
both of the M and C images. In addition, both ends of an image in the main scanning 
direction to be formed is supposed to correspond to the vicinities of both of the image ends in 
the main scanning direction illustrated in Fig. 26. 

3 0 101881 Bothef magnification anda main scanning position of respective M and C images 

may coincide with each other at temperature (a). When the temperature rises to (b)* the M 
image may be enlarged by (Y x 2) and the main scanning direction write start position may 
deviate rightward by (X Y). -Y\ as illustrated in Fig. 26. The C image may be enlarged by 
(Y x 2) and the main scanning direction write start position may deviate leftward by (X — Y). 



As a result, the M and C images may deviate from each other in the main scanning direction 
by (fX Y) ((X - Y) x 2 + (Y x 2)). Then, magnification error may be corrected in the above- 
described manner. When the magnification error has been corrected, the enlarged amount of 
both of the M and C images can be corrected, but the write start position in the main scanning 
5 direction can-not perfectly be corrected and ^deviation amount remains by (p). 

[01891 A correction method for correcting the write start position in the main scanning 
direction will be now described. 

101901 Fig. 30 illustrates an image write section that corresponds to the image write section 
for one of mono colors the mono-colors illustrated in Fig. 28. The image write section of this 

1 0 embodiment may be different from that of the sixth embodiment illustrated in Fig. 20 by 

employing a magnification and positional deviation correction amount storage section 3001. 
Also different therefrom mav bo Also. a positional deviation correction section 3002, a 
synchronization detection signal delay section 3003 for correcting positional deviation, and a 
main scanning direction write start position control section 3004 , mav be different from the 

15 sixth embodiment . The other sections thereof may be similar to corresponding sections of the 
image write section of the sixth embodiment. 

101911 Similar to the sixth embodiment, a temperature detection sensor 2004 may be 
provided in the f6 lens 103 for detecting temperature of the f9 lens. Temperature data Tt may 
be generated when output of the temperature detection sensor 2004 is sent to the temperature 
2 0 detection section 2005. The magnification and positional deviation amount storage section 
3001 may store frequency set data for a write clock WCLK, frequency set data for a polygon 
rotation number control clock PLCK a and image positional deviation correction data, all 
corresponding to temperature of the f6 lens 103. All these data can be obtained from a 
positional deviation amount of the laser beam which is produced by a change in temperature 

2 5 of the fB lens 103. When the temperature data Tt is sent to the correction amount storage 

section 3001, a pair of frequency set data Dtl and Dt2 for the write clock WCLK and the 
polygon rotation number control use clock PCLK, respectively, and image positional 
deviation correction data Dt3 may be output corresponding to the temperature data Tt. Those 
output data may then be sent to the magnification and positional deviation correction section 

3 0 3002. 

[01921 Fig. 31 illustrates details of the magnification and positional deviation correction 
section 3002. Similar to the sixth embodiment, a clock CLK from the reference clock 
generation section 209 may be sent to both of the write clock generation section 302 and the 
rotation number control use clock generation section 2201. Subsequently, both of clocks 



WCLK and PCLK may be generated when both of the frequency set data (i.e. correction 
data) Dtl and Dt2 are set to the rotation number control use clock generation section 2201 
and the write clock generation section 302, respectively. A positional deviation correction 
data calculation section 3101 may be provided to generate correction data Dt4 having an 
5 integer multiple of one cycle of the write clock WCLK, and correction data Dt5 having less 
than one cycle of the write clock WCLK from both of the write clock WCLK and image 
position deviation correction data Dt3. Each of the correction data Dt4 and Dt5 may then be 
sent to respective of the main scanning direction write start position control section 3004 and 
the synchronization detection signal delay section. 

10 101931 Since the image positional deviation correction data Dt3 may represent a positional 
deviation amount corresponding to temperature, such as A mm at temperature Tl and B mm 
. at temperature T2, it may roquiro be required to be converted into a prescribed form, such as a 
prescribed number of pixels corresponding to the A mm, so as to accord with a correction 
manner practiced by the image write section. Thus, even though the image positional 

15 deviation correction data Dt3 is the same, positional deviation correction data Dt4 and Dt5 
are different form from the other depending upon an image write section. At a time of the 
conversion, since a positional deviation amount is occasionally calculated as isif less than one 
cycle of the WCLK, a deviation amount^ which is anjnteger multiple of one cycle of the 
WCLK, may be the correction data Dt4, and that less than the deviation amount minus one 

2 0 cycle of the WCLK may be the correction data Dt5. 

101941 Back to Fig. 30, the synchronization detection signal delay section 3003 may delay a 
synchronization detection signal DETP sent from the synchronization sensor 2802 by a 
prescribed amount corresponding to the positional deviation correction data Dt5. A 
synchronization detection signal DDETP (delayed detection pulse), which is delayed by the 

2 5 deviation amount of less than one cycle of the WCLK, may then be generated and sent to the 

phase synchronization clock generation section 209. 

[01951 The clock WCLK may be changed into a clock VCLK by the phase synchronization 
clock generation section 209 in synchronism with the DDETP. The clock VCLK may then 
be sent to both of the LD driving section that controls lighting of the laser (beam) and the 

3 0 main scanning direction write start position control section 3004. The main scanning 

direction write start position control section 3004 may control a timing of sending an image 
signal to the LD drive section 210 by a unit of one cycle of the VCLK. 

101961 Fig. 32 illustrates a timing diagram illustrating a timing of correction of a write start 
position in the main scanning direction. As noted from Fig. 32, a stand up edge of the DETP 



may be a reference for write start in the main scanning direction. The write start may be 
supposed to be commenced at the third clock of the write clock VCLK. In this situation, the 
synchronization detection signal delay section 3003 (see Fig. 30) may not delay the DETP. 
Thus, the DETP may be equal to the DDETP (DETP = DDETP). "/LGATE" may be a gate 
5 signal of the main scanning direction. Image data may be sent to the LD drive unit 203 (see 
Fig. 30) when the "/LGATE" signal is at_low level as illustrated in the upper side of Fig. 32. 
101971 If the magnification error is to be corrected and the write start position in the main 
scanning direction is to be delayed by one and a_quarter cycles of the VCLK, the 
synchronization detection signal delay section 3003 may delay the DETP by a quarter cycle 

10 of the VCLK and send it to the phase synchronization clock generation section 209. In 

addition, the main scanning direction write start position control section 3004 may delay the 
timing of the ' VLGATE" by one cycle of the VCLK. As a result, even though the "/LGATE" 
has been validated when delayed by three clocks as illustrated in the upper side of Fig. 32, it 
is after the correction validated when delayed by four and a_quarter clocks as illustrated in the 

15 lower side of Fig. 32. Thus, positional deviation may be corrected by one and a_quarter 
clocks of the VCLK. 

101981 Fig. 33 is a flow diagram illustrating an operational procedure of both of the main 
scanning direction positional correction operation and magnification correction. In this 
operation, temperature Tt of the f9 lens may initially be detected (in step 3301). A plurality 
2 0 of correction data Dtl, Dt2 A and Dt3 corresponding to the temperature Tt may be read from 
the correction amount storage section 3001 (in step 3302) and ar emav be sent to the 
magnification and positional deviation correction section 3002. The magnification and 
positional deviation correction section 3002 may then generate both of a write clock 
corresponding to the correction data Dtl and a rotation number control use clock 

2 5 corresponding to the correction data Dt2 (in step S3303). Subsequently, bothef-a positional 

deviation correction data Dt4 and Dt5 may be calculated from the correction data Dt3 and the 
write clock WCLK generated (in step S3304). Then, the write start position in the main 
scanning direction may be corrected in accordance with both of the positional deviation 
correction data Dt4 and Dt5 (in step S3305). 

3 0 [01991 These operations may be practiced just before image formation. When printing is 

successively executed, since temperature is supposed to change during the printing and 
results in bothef magnification change and positional deviation, such operations may 
preferably be practiced between sheets (i.e. between image formations). If an interval 
between sheets is too short, it may be extended to a prescribed level so that the above- 



described operations can be practiced. 

[02001 The eleventh embodiment will be now described. A construction of an image 
forming apparatus of the eleventh embodiment may substantially the same as that of the first 
embodiment. 

5 102011 Fig. 34 is a plan view of the laser beam scanning apparatus illustrated in Fig. 1, and 
illustrates an image write section of this embodiment. The image write section may 
additionally include a peripheral control unit. The image write section may be different from 
that of the first embodiment by employing a_magnification correction data storage section 
3401. 

10 102021 Namely, a pair of sensors 201 and 202 may be provided at both sides of the main 
scanning direction of the laser beam. 

[02031 The reflected laser beams may pass through the f9 lens and f smav be reflected by 
the pair of mirrors 204 and 205. The laser beam L may then be condensed by the pair of 
lenses 206 and 207 and may enter into ho pair of Gonsors. the pair of sensors 201 and 202, 
15 respectively. The sensor 201 may function as a synchronization detection sensor for 

detecting a laser beam scanning synchronization signal as a synchronization detection signal. 
102041 Owing to scanning of the laser beam, the pair of sensors 201 and 202 may output 
signals DETP1 and DETP2. The DETP1 and DETP2 may be sent to the magnification 
correcting section 208. 

2 0 102051 The magnification correcting section 208 may determine and generate a prescribed 
clock frequency for modulating a laser beam. In addition, the magnification correcting 
section 208 may determine and generate a clock frequency for determining a prescribed 
rotation number of the polygon mirror 102. Further, from a change in image magnification in 
the main scanning direction that is produced by the above two clock frequencies, a time 

2 5 difference between the DETP1 and DETP2 may be measured. In addition, the magnification 

correcting section 208 may include a function of changing each of the clock frequencies by 
referring to such a measuring result and correction data sent from the magnification 
correction data storage section 340 1 . 

102061 The clock WCLK generated by the magnification correcting section 208 and the 

3 0 synchronization detection signal DETP1 may be sent to the phase synchronization clock 

generation section 209. A clock VCLK may then be generated by the phase synchronization 
clock generation section 209 in synchronism with the DETP1, and is mav then be sent to the 
LD drive section 210 that controls lighting of the laser beam. On the other hand, the clock 
PCLK generated by the magnification correction may be sent to the polygon motor drive 



control section 21 1, so that the polygon mirror 102 may be controlled to rotate at a prescribed 
number of rotations in accordance with the frequency of the clock PCLK. The LD drive 
section 210 may control lighting of the laser beam responsive to an image signal 
synchronizing with the clock VCLK. The LD unit 203 may generate a laser beam under the 
5 control of the LD drive section 210. 

[02071 The laser beam may then be reflected by the polygon mirror 102 and may scan the 
PC member 106 after passing through the f9 lens 103. 

102081 Fig. 35 is a block diagram illustrating a construction of the magnification correcting 
section 208 illustrated in Fig. 34. The clock CLK from the reference clock generation section 

10 212 may be sent to both of the polygon motor use rotation number control clock generating 
section 2201 and the write clock generation section 302, so that clocks WCLK and PCLK 
may be generated by the data 1 and 3, respectively. As illustrated in Fig. 36, the polygon 
motor rotation number control clock generation section 2201 may include a counter 501, a 
comparator 502, and a T-flop flop 503, and may g enerate the clock PCLK by setting a half 

15 cycle of necessary frequency minus one to the comparator 502. Thus, such an amount may 
necessarily be set to the data 3. 

10209] In this embodiment, a time difference T between the DETP1 and DETP2 may be 
measured and sent to the comparing and controlling section 304 feywith the help of the 
reference clock CLK. 

2 0 102101 The time difference count section 303 may be similar to that of the first embodiment 
illustrated in Fig. 4. However, as noted from Fig. 4, the counter 401 may be cleared by the 
DETP and may start counting clocks CLK. A count value obtained by the counting may be 
sent to the latch 4 02 and 402, which is latched by a stand up edge of the DETP2. Such timing 
may be illustrated in a timing diagram of Fig. 37. 

2 5 102111 In addition, as noted from Fig. 35, the time difference count section 303 may send 

the time difference T (a count value) to the comparing and controlling section 304, and i ethen 
be compared with the reference time difference TO. Both of correction data 1 and 2 may be 
read from the correction data storage section 340 (see Fig. 34) in accordance with the 
comparison result. 

3 0 [02121 These correction data 1 and 2 may then be sent to both of the write clock generation 

section 302 and the data switching section 3501. When the data switching section 3501 
receives the magnification correction use data from the comparing and controlling section 
304 during the_sending of the data 3 to the rotation number control clock generation section 
2201 to rotate the polygon motor 101 at a prescribed low speed, the data switching section 



3501 may switch data in a prescribed manner, so that the data 2 is equal to the data 3. Both 
of clocks WCLK and PCLK may then be generated. 

102131 Fig. 38 is a flow diagram illustrating an operation procedure executed in the 
magnification correcting section 208. The polygon motor may be switched to low speed 
5 rotation (in step S3 801). For example, if the practically used polygon motor 101 can change 
its rotation number ranging from 10,000 to 20,000rpm, it is switched to the lowest rotation 
number 10,000rpm. Then, a time difference T between the sensors 201 and 202 may be 
counted (in step S3802) T and compared with the reference time difference TO (in step S3803). 
If the time difference T is substantially equal to the reference time difference TO (Yes, in step 

10 S3804), a rotation number of the polygon motor 101 may be returned to a condition at the 
time of image formation (e.g. 20,000rpm), and the operation is niav be completed. In this 
situation, both of the write clock WCLK and the polygon use clock PCLK may not be 
changed because an image is not enlarged in the main scanning direction. 
[02141 If the time di fference T is not equal to the reference time difference TO (No, in step 

15 S3808), the correction table in the correction data storage section 3401 may be referred to (in 
step S3806). The correction data 1 and 2 corresponding to the difference between the time 
difference T and the reference time difference TO may be sent from the comparing and 
controlling section 304 to the clock generation section 302 and the data switching section 
3501, respectively (in step S3807). Since the difference rarely perfectly coincides with data 

2 0 of the correction use table, the closest data may be necessarily selected. The data switching 
section 3501 may switch from low speed rotation data to correction data (in step S3 808) and 
the send the data 3 (=data 2) to the rotation number control clock generation section 2201 (in 
step S3809). The clock generation sections 302 and 2201 may generate both of a write clock 
WCLK and a rotation number control clock PCLK, respectively, corresponding to both of the 

2 5 correction data 1 and 3 (i.e. =2), respectively (in step S3810). 

[02151 When comparing the time difference T with the reference time difference TO, 
determination may essentially be as to whether one is perfectly equal to the other. 
~ However, the time di ffererice T may be determined asts not different from the Preference 
time difference TO. if the difference therebetween is within a prescribed allowable 

3 0 magnification error range. Thus, when the time difference is larger than the prescribed 

allowable magnification error range, both of the write clock frequency and the rotation 
number control clock frequency may be changed. 

102161 As illustrated in Fig. 13 wherein 1 3. an amount of positional deviation of the laser 
beam which is created by temperature changc x hange causes the laser beam oxpandG, to 



expand and accordingly, the image is enlarged as the temperature rises. On the other hand, as 
illustrated in Fig. M wherein 14. a change in time difference between sensors which is 
produced by temperature change. change causes an increase in the temperature and may result 
in a_shortening of the time difference. 
5 102171 Since a magnification changing amount can be known from the time difference 
comparison result, nam e ly from the r e lation namelv. from the relationship between the 
positional deviation amount and the temperature difference, the correction use table may be 
preferably formed based on the relation ship . Since there is a slight difference that never 
becomes large depending upon a lens or an image forming apparatus, a representative amount 
1 0 can preferably be measured beforehand. 

102181 It is also preferable that the lowest (number of rotations) is n umber rotations be 
utilized as far as so that uneven rotation, jitter, etc. do not appear when lowering the rotation 
speed of the polygon motor. 

102191 The twelfth embodiment will now be described. Both of an image forming 
1 5 apparatus and an image write section having substantially the same constructions, 

respectively, as those of the first embodiment illustrated in Figs. 1 and 2 may be included in 
this embodiment. 

102201 Fig. 39 is a block diagram illustrating a construction of a magnification correcting 
section 208 of the twelfth embodiment. The difference from the eleventh embodiment 
2 0 illustrated in Fig. 35 may be that the time difference count section 803 in this embodiment 
may count time difference using write clocks WCLK A not using the reference clock CLK. 
Also, the difference may be that the comparison result may not be sent to the data switch 
section 3501 and magnification correction may be executed only by changing the write clock 
WCLK. In addition, the data switch section 3501 may switch data to be sent to the rotation 

2 5 number control clock generation section 2201 in response to a_change from magnification 

correction to image formation, vice versa. The other sections in this embodiment may be 
similarly constructed to those of the eleventh embodiment. 

[02211 Fig. 40 is a flow diagram illustrating an operational procedure executed in the 
magnification correcting section 208 of this embodiment. When low speed rotation use data 

3 0 is initially sent from the data switch section 3501 to the rotation number control clock 

generation section 2201, the polygon motor 101 may be switched to low speed rotation (in 
stepS4001). 

102221 For example, when the polygon motor 101 can change its rotation number ranging 
from 1,000 to 20,000„rpm, it is switched to the lowest 10,000_rpm. Then, the time difference 
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T between sensors 201 and 202 may be counted (in step S4002) and compared with the 
reference time difference TO (in step S4003). If the time difference T is substantially equal to 
the reference lime di fference TO (Yes, in step 4004), the rotation number of the polygon 
motor 101 may be returned to an image formation condition such as 20,000_rpm for the 
5 purpose of image formation (in step 4008). The operation may then be completed. 
[02231 Thus, the write clock WCLK may not be changed. 

[02241 If the time difference T is smaller than the reference time difference TO (No, in step 
4004, and Yes, in step 4005), since an image is enlarged in the main scanning direction, the 
write clock frequency may be increased (in step 4006). If the time difference T is larger than 

1 0 the reference time difference TO (No, in step 4005), since an image is reduced in the main 
scanning direction, the write clock frequency may be decreased (in step 4007). 
102251 Subsequently/the flow returns to step S4002 and the time difference T may be 
counted again and compared with the reference time difference TO. Such operation steps 
may be repeated until when the time di fference T is substantially equal to the reference time 

15 difference TO (steps S4002-S4007). 

[02261 As described earlier, the write clock frequency may be changed only when the 
difference between the time difference T and reference time difference TO exceeds a 
prescribed level that corresponds to the magnification allowable error range. 
[02271 As noted from Fig. 13* which illustrates an amount of positional deviation of the 

2 0 laser beam which is created by temperature change, the laser beam expands and accordingly 
the image is enlarged in the main scanning direction as the temperature rises. As noted from 
Fig. 14, which illustrates a relation ship between time difference between sensors and 
temperature change, the time difference is small as the temperature rises. Since a 
magnification changing amount corresponding to the difference between the time difference 

2 5 T and reference time difference TO can be recognized from relation ship between the 

positional deviation amount and the time difference, correction performance may be 
improved if both of increase and decrease bands of the write clock frequency are 
predetermined therefrom. Since it only slightly changes depending on a lens or an image 
forming apparatus, a representative relationship may typically be measured before-hand. 

3 0 [02281 Further, when decreasing the rotation number of the polygon motor, substantially 

the lowest rotation number may be preferable aa for as so that uneven rotation, jitter, etc. do 
not occur. 

102291 The thirteenth embodiment will now be described. Both of an image forming 
apparatus and an image write section including similar constructions, rospoctively.h aving 
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similar construct ions to those of the eleventh embodiment described with reference to Figs. 1 
and 34 , respectively, may be included in the thirteenth embodiment. 

102301 Fig. 41 is a flow diagram illustrating an image formation procedure executed by the 
image forming apparatus of this embodiment. When image formation such as paper feeding 
5 is commenced, the polygon motor 101 may be rotated at a low speed (in step S4101). For 
example, if the polygon motor 101 can change the rotation number from 10,000 and 20,000 
rpm, it may be rotated at the lowest 1 0,000rpm rotation number of 1 0.000 mm because the 
time di f feren t di (Terence T can be more precisely measuredme*=e than whenmefe the polygon 
motor lOlis rotates at the highest rotation number of 20,000_rpm. Thus, the flow may enter 

1 0 into and execute magnification correction that is executed in a similar manner to that of any 
one of the earlier described any one of embodiments (in step S4102). After completing the 
" » magnification correction, the polygon motor 101 may be rotated at a prescribed rotation 

number, such as 20,000 rpm a to perform image formation (in step S4103). The flow may 
then enter into the image formation (in step S4104). If the next page of a document to be 

15 printed does not exist, the procedure may be terminated (in step S4105) 

[023 1J Since the polygon motor 101 is substantially rotated at a low speed and 
magnification error is corrected every time when image formation is started, image 
magnification may be kept substantially the same startas from the first output of the image, 
even if what ovor thoueh change occurs in the environment (e.g. temperature change). Thus, 

2 0 high quality of an image may be obtained* while preventingfrem color deviation. 

[02321 The fourteenth embodiment will now be described. Both of an image forming 
apparatus and an image write section, similar to those of the first embodiment described with 
reference to Figs. 1 and 2 X may be included in the fourteenth embodiment. 
102331 Fig. 42 is a block diagram illustrating a construction of the magnification correcting 

2 5 section 208 of this embodiment. 

[02341 The magnification correcting section 208 may be different from that of the twelfth 
embodiment, in that the comparing and controlling section 304 compares a time difference T 
not only with the reference time difference TO, but also with a time difference Tl . The time 
difference Tl may be a reference used when the time difference rotation number of the 

3 0 polygon motor 101 is decreased to a prescribed level to be precisely compared with the T. 

The other sections of this embodiment may be similar to those of the twelfth embodiment. 
[02351 Fig. 43 is a flow diagram illustrating an operational procedure practiced by the 
magnification correcting section 208 in this embodiment. This flow diagram supposes a case 
wherein a plurality of prints isare continuously performed. 



102361 A time difference T between sensors 201 and 202 may initially be counted (in step 
S4301). At this moment, since the image formation, for example, paper feed, image write, 
sheet ejection, etc., is in progress, the polygon motor 101, of course, is rotating at a 
prescribed rotation number for the image formation. Then, the time difference T may be 
compared with the reference time difference TO. If the time difference T is substantially 
equal to the reference time difference TO (Yes, in step S4302), the image formation is 
continued as it is, and the above-described comparison may also be continued (in steps 
S4301-S4302). In this situation, the reference time difference TO may be a reference of 
determining if magnification correction is required. 

[02371 In step S4302, if time difference T is either smaller or larger than reference time 
difference TO as a result of the determination, it is further determined if image write is in 
progress (in step S4303). This is because, when image write is in progress, the rotation 
number of the polygon motor 101 should be inhibited to change. If image write is not in 
progress, the apparatus is brought into an image formation-temporary stop condition (in step 
S4304), and the polygon motor is switched to rotate at low speed (in step S4305). 
[02381 For example, if the polygon motor 101 can change its rotation number from 10,000 
to 20,000.rpm, and currently rotates at the 20,000_rpm, it is rotated at around the lowest 



[02391 Then, a time difference T between sensors 201 and 202 may be counted (in step 
S4306), and is compared with the reference time difference Tl (in step S4307). In this 
comparison (No, in step S4308), if the time difference T is smaller than the reference time 
difference Tl (Yes, in step S4309), since an image is enlarged in the main scanning direction, 
the write clock frequency is increased (in step S4310). 

[02401 To the contrary, if the time difference T is larger than the reference time difference 
Tl (No, in step S4309), since an image is reduced in the main scanning direction, the write 
clock frequency is decreased (in step S431 1). Again, a time difference is counted (in step 
S4306), and is compared with the reference time difference Tl, and the above-described flow 
may be repeated until the time difference T substantially equal to the reference time 
difference Tl. When time difference T is nearly equal to the reference time difference Tl 
(Yes in step 4308), the rotation number of the polygon motor 101 may be returned to the 
level such as 20,000 20r000rpm to be used for image formation (in step S4312). 
Simultaneously, the image formation temporary stop condition may be cleared and image 
formation may be started again (in step S4313). 

[02411 When the above-described operations isare practiced between sheet interval during 
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continuous image formation and image write is not in progress, magnification error may be 
corrected by changing the number of rotations of the polygon motor. If the above-described 
operations can-not be practiced between sheet interval during continuous image formation 
and when the image formation is temporary stopped, sheet feed and sheet transportation may 
5 be stopped. Otherwise, the magnification correction can be performed between sheets by 
extending the sheet interval during the continuous image formation. 

102421 As described earlier, such frequency change control may be performed only when 
the comparison result is more than the allowable error range. 

102431 In addition, as also described earlier, magnification correction performance may be 
10 improved if the ranee of frequency increase and decreasei=&ftge may be predetermined from 
the relation ship between thejmage positional deviation amount and the time difference 
illustrated in Figs. 13 and 14. In addition," the slowest speed may be utilized as far as so that 
uneven rotation and jitter does not occur A as described earlier. 

[02441 The fifteenth embodiment will now be described. This embodiment may include an 
15 image forming apparatus having a similar construction to that described in the fourth 
embodiment illustrated in Fig. 10. 

102451 In this image forming apparatus, image magnification correction for each color in 
the main scanning direction may be performed in a similar manner to those described in 
#effl anv of the eleventh to fourteenth embodiments. 
2 0 [02461 A pair of sensors for detecting a laser beam L may be provided for each color in one 
case. In another case, a pair of sensors may be provided in any one of the laser beam 
scanners, and only one sensor for detecting a synchronization signal may be provided in the 
remaining laser beam scanners. In still another case, a pair of sensors may be provided in any 
two of the laser beam scanners, and only one sensor for detecting a synchronization signal 

2 5 may be provided in the remaining laser beam scanners. Specifically, when a difference in 

temperature between laser beam scanners, in particular, fB lenses 103, is relatively small, a 
pair of sensors can be provided in any one of the laser beam scanners 1, and magnification of 
each laser beam scanner can be corrected based on a time difference measured in the oneef 
laser beam scanne r provided . If a difference in temperature between laser beam scanners 

3 0 (e.g. a f8 lenses 103) neighboring each other is relatively small, a pair of sensors may be 

provided in a plurality of laser beam scanners 1 not neighboring each other, and 
magnification error of the laser beam scanner neighboring each other may be corrected based 
on a time difference measured in the r e spcctivc of the plurality of laser beam scanners. 
[02471 The sixteenth embodiment will now be described. This embodiment may include 



both of an image forming apparatus and a writing apparatus having substantially the same 
constructions as those of the fifth embodiment illustrated in Figs. 1 1 and 12. In addition, a 
positional deviation amount of the laser beam appearing due to temperature change and a 
change in time difference between sensors may be substantially the same as those illustrated 
5 in Figs. 13 and 14. 

[02481 Namely, if temperature rises from (a) as a reference as illustrated in Fig. 13 to (b), a 
beam position does not substantially change in the vicinity of the center of the f9 lens. 
However, the beam may deviate outwardly in the main scanning direction the m ore the nearer 
it is tothe both ends of the f8 lens. As described earlier, Fig. 13 illustrates only one half of 

10 the lens, and substantially the same effect occurs in another half oppositely positioned with 

respect to the center of the main scanning direction. Thus, when compared with the condition 
when where the temperature is (a), an image may be enlarged two times of a deviation amount 
(Z) attke both end portions of the image when the temperature is (b). In addition, a difference 
Y may be created kew gwhich is enlarged between the vicinity of the sensor and that of the 

15 image end as a positional shifting amount that is also corrected in the main scanning 
direction. 

[02491 Thus, due to rise of temperature from (a) to (b), the M and Y images may deviate in 
the main scanning direction by (Y x 2) + (Z x 2) in relation to the BK and C images which 
are oppositely scanned mono color images. The positional deviation in the main scanning 
20 direction may be corrected by ascertain amount during the magnification correction. 

1 0250 j However, such a deviation of the Y can nor cannot be perfectly corrected, and 
remains^ if simply changing the above-described frequencies. Thus, such a remaining 
amount of deviation may be corrected by adjusting a write start position in the main scanning 
direction in a prescribed manner along with the magnification correction. 

2 5 102511 The image magnification correction in the main scanning direction for each color 

may be performed in a similar manner to that described in fe manv of the twelfth to 
fourteenth embodiments. 

[02521 However, the fourteenth embodiment can not change the rotation number of the 
polygon motor 10 before all mono colo r mono-color processes have been completed. Then, 

3 0 this embodiment may stop new sheet feed when the time difference T becomes either smaller 

or larger than reference time difference Tl in any one of meae -mono- color processes, and the 
rotation number of the polygon 101 may be changed after all of mono colo r mono-color 
processes te shave been completed and the image formation is temporarily stopped. 
[02531 In this embodiment, a time difference between a pair of sensors may be counted for 
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each mono color mono-color process, and magnification error is corrected based on the 
counted time difference. Otherwise, if laser beam scannings are performed in the same 
direction fora prescribed two color processes, a time difference may be counted in any one of 
mono colo r mono-color processes, and magnification errors for two colors may be corrected 
based on the counted amount. Other wise, one set of sensorsfef may count a time 
difference may be counted in any one of mono colo rm ono-color processes, and each color 
magnification error may be corrected based on the counted amount. In particular, if there 
exists only a slight difference in temperature in the scanning apparatus (i.e., between fB 
lenses), and laser beam scanning may be performed in the same direction for a prescribed 
plurality of mono colo r mono-color processes, a time difference may be counted in any one of 
mono colo r mono-color processes, and magnification errors for two mefte -mono- color 
processes may be corrected based on the counted data. Otherwise, a time difference may be 
counted in any one of mono colo r mono-color processes, and magnification error for each 
color may be corrected based on the counted data. 

[0254 1 In the above-described applicable embodiments, whenever magnification error in 
the main scanning direction is (r), that in the sub scannin g the magnification error in the sub- 
scanning direction may correspondingly be corrected in order to form a precise magnification 
image, for example, by changing a rotation speed of the PC drum. 
[02551 Obviously, numerous additional modifications and variations of the present 
invention are possible in light of the above teachings. It is therefore to be understood that 
within the scope of the appended claims, the present invention may be practiced otherwise 
than as specifically described herein. 



A BSTRACT 

5 An imago forming apparatus includes a light beam g e nerating and modulating 

device which generates and modulates a light beam in accordance with an image signal, a 
light beam deflecting device which deflects the modulated light b e am and scans an imago 
earner so as to form an image. 

a pair of light beam detecting device is provided to detect the light beam deflected by th e 
10 d e flecting device at two separate positions on a main scanning lino. Th e pair of light b e am 

detecting device gen e rates botli of a reference time diff e rence and at a proscribed temperature 
and a time di fforonco to be compar e d with th e reference time diff e r e nc e in a proscribed 
timing during image formation. A time difference measuring device is provided to measure a 
time difference between time periods when the light beam is detect e d by one of the light 
15 beam detecting devices and when that is detected by the other of light beam detecting 

devices. An image magnification correcting device is also provided to change a write clock 
frequency of the light beam and the rotation number of tho light def l ecting devic e in 
accordance with the time diff e renc e so as to corr e ct magnification error in the main scanning 
direction of the image on tho imago earner. A visualizing device is provided to visualize th e 
2 0 imago on tho image carrier written by the light b e am. i:\atty\gas\201377\revisedSpec.doc 
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